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INTRODUCTION
The majority of benthic and demersal marine organIsms exhibit a bipartite llfe cycle with a dispers~ve larval phase followed by a relatively sedentary adult phase (Gaines & Roughgarden 1985 , Underwood & Fairweather 1989 , Hughes 1990 , Sale 1991 . Widespread dispersal and severe mortality of pelagic larvae serve to decouple local settlement of larvae into the adult habitat from the reproductive activity of the resident population (Doherty & Fowler 1994) . Settlement patterns derive from biological and physical processes operating on larvae during the transition from a pelagic to a b e n t h~c or demersal existence (Leis 1991 , Kaufman et a1 1992 . Local settlement strength is determined by the ava~labil~tv of larvae competent to settle. Larval supply may depend on large scale factors such as ocean curl-ent patterns or t~d e s (Kingsford et al. p p p 'Prcscnt address and address for correspondence School of hIarlnc Sclence, 5763 Rogers Hall, U n i v c~s~t y of M a~n e , Orono, \ I a~n c 04469-5763. USA E-mdll mtulq>crQapollo umenfa maln? edu 1991, Lels 1991 , Shenker et a1 1993 Settlement is influenced on a smaller scale by ~I C I ohabitat selection (Sale et a1 1984 , Tol~n~ieri 1995 or by the presence/ absence of certain resident organisms, particularly conspecifics ( e g Sweatman 1988) Mortality, movement and growth have been the most commonly studied post-settlement plocesses, all are capable of substant~ally mod~fying patterns of settlement and strongly Influencing recrutment success (Jones 1990 Connell & Jones 1991 Although early post-settlement mortal~ty of reef f~s h e s IS known to be high (Shulman & Ogden 1987 , Sale & Ferrell 1988 , Connell & Jones 1991 , the m a g n~t u d e and variabil~ty of mortality relat~ve to settlement is unknoivn for most species (Connell & Jones 1991) , as is the mechanism behind t h~s mortal~ty In general, moltality of newly settled f~s h is attributed to predation (Houde 1987) Indeed, H~x o n (1991) and Hlxon & Beets (1989, 1993) suggest pledation as a major factor structuring populat~o n s and communlt~es of reef fishes While s e v e~a l cor~e l a t~v e studies ( e g Shulman 1984 , Call & H~x o n 1995 have found negatlve relationships between predator abundance and prey fish abundance, few have attempted to measure predation on reef fishes directly (see Carr & Hixon 1995) .
Since the majority of studies of the population dynamics of reef fish have focused on small, sedentary taxa, movement (emigration and immigration) has not been considered a major factor in determining population size (Doherty 1983 , Aldenhoven 1986 , Connell & Jones 1991 . While many species display strong site fidelity, others may move relatively large distances (Robertson 1988a , Forrester 1990 ) Movement may occur in response to intense competition (densitydependent emigration), or in response to ontogenetic shifts in habitat requirements (Shulman & Ogden 1987) . Relocation of juvenile or adult fish will tend to decouple adult numbers from settlement in a given area (Robertson 1988a, b) .
Growth has also received increasing attention as a factor critically important to the demography of juvenile and adult fishes (Jones 1986 , Forrester ,1990 , Connell & Jones 1991 , Sogard 1992 . Growth may influence adult population size directly, by controlling the number of individuals reaching reproductive maturity (Jones 1987 (Jones , 1991 , or indirectly, through the effects of size-selective mortality on juvenile survival (Forrester 1990 , Sogard 1992 . Rapid growth means less time spent in the smaller, potentially more vulnerable size classes (Post & Evans 1989) . In temperate reef fishes, rapid growth may confer an additional, physiological advantage, since overwinter survival is generally higher in larger individuals (Henderson et al. 1988) . Growth of juvenile f~shes can be llmited by food supply (Jones 1986 , Forrester 1990 , Sogard 1992 or regulated by hierarchical social inhibition (Forrester 1990 , Tupper & Boutilier 1995a .
Many species of demersal and reef fishes occur in a wide range of habitats. Settlement and post-settlement demography of these species may be affected by structural characteristics of the habitat (Carr 1989 , Connell & Jones 1991 , Levin 1991 . Habitat structure has been implicated in the determination of settlement (Sale et al. 1984 , Tolimien 1995 , post-settlement mortality (Shulman 1984 , Behrents 1987 , Sogard 1992 , Levin 1993 , movement (Robertson 1988a,b) and growth (Jon.es 1986 , Sogard 1992 . Many studies have found the distribution and abundance of fishes to be correlated with the amount and type of available habitat (Shulman 1984 , Connell & Jones 1991 , Levin 1991 , 1993 , Sogard 1992 , Carr 1994 Boutilier 1 9 9 5~) .
Characteristics of habitat that are known to ~nfluence population slze include depth (Thresher 1983) , reef size (Shulman 1984) , reef isolation (Walsh 1985) , vertical relief (Thresher 1983 , Chandler et al. 1985 , coral or vegetation cover (Bell & Galzin 1984 , Levin 1991 , and topographic complexity (Luckh.urst & Luckhurst 1977 , Chandler et al. 1985 , Roberts & Ormond 1987 , Connell & Jones 1991 , Booth and Beretta 1994 . Of these, topographic complexity has perhaps the greatest influence on post-settlement processes. A more complex habitat may offer more shelter, resulting in reduced predation pressure (Behrents 1987 , Connell & Jones 1991 Boutilier 1 9 9 5~) .
Several researchers have shown survivorship of newly settled fishes to be strongly influenced by the availability of refuge sites, particularly in the presence of predators and/or conspecifics (Shulman 1984 , Behrents 1987 , Hixon & Beets 1989 , Carr 1991 , Connell & Jones 1991 Boutilier 1 9 9 5~) .
Habitat complexity may also influence growth and survival through increased prey density and diversity (Holbrook & Schmitt 1988 , Connell & Jones 1991 , Sogard 1992 .
While selection of microhabitat at settlement is well documented (Jones 1984 , Sale et al. 1984 , Eckert 1985 , Breitburg 1989 , Levin 1993 , Tolimieri 1995 , the importance of habitat structure to post-settlement processes has only recently been established (Carr 1994, Tupper & Boutilier 1 9 9 5~) .
For most species it is unknown whether habitat structure determines patterns of settlement, and whether post-settlement processes alter or reinforce patterns of settlement (Jones 1990 , Booth & Reretta 1994 . This study examines the influence of habitat on settlement, growth and post-settlement mortality of the temperate labrid Tautogolabrus adspersus. We use mark-recapture techniques to quantify movement and mortality of newly settled fish, and to measure indlv~dual growth rates. In order to determine the role of predation in determining post-settlement mortality, we measured predator density and capture success in different habitats. We then attempted to relate patterns of early survivorship to patterns of growth and predation, and to determine the relative influence of settlement and post-settlement processes on the recruitment success [operationally defined as the density of newly settled (O+) fish surviving for an arbitrary period following settlement; see Levin 19931 of T adspersus.
METHODS
Species and study sites. The cunner Tautogolabrus adspersus is a common nearshore species ranging from Conception Bay, Newfoundland. Canada, south to New Jersey, USA (Scott & Scott 1988) . Cunner occur from the intertidal zone (Whoriskey 1983) to depths of nearly 100 m on the offshore banks (Scott & Scott 1988) . Along the Atlantic coast of Nova Scotia and in the Gulf of Maine, cunner spawn mainly in late July and August; settlement occurs about 3 wk later and is restncted to a period 3 to 4 wk in length (Levin 1.991, 1993 (Levin 1.991, , 1994a . After settlement, cunner remain tenaclously site-attached for the first 1 to 2 yr of demersal life (Tupper 1994) . Newly settled cunner appear to feed opport.unistically on zooplankton and small benthic invertebrates, but prefer amphlpods and isopods (Chao 1972 , Levin 1994b . Cunner are found in a wide variety of habitats, but are generally associated with structure, including macroalgae (Levin 1991) , rocky reefs, wrecks and pilings (Scott & Scott 1988) . Cunner are active by day, but enter a period of torpor at night. During this time they shelter under rocks, in crevices, or among vegetation (Dew 1976) . If suitable shelter is not available, cunner will adopt a banded colour and lie in a torpid state on open bottom (authors' pers. obs.). While the banded colour may offer some camouflage, dormant cunner on exposed bottom are likely to be at greater risk of predation than their sheltered counterparts.
The study was conducted in St. Margai-et's Bay, Nova Scotia, Canada, and was replicated at 3 sites. The nearshore bottom of St. Margaret's Bay can be divided into 4 broad habitat types: rocky reef (characterized by bedrock strewn with large granitic boulders), cobble bottom, seagrass (Zostera marina) beds, and sand bottom. All h.abitat types were represented at each of the 3 sites. At each site, four 10 m replicate transect lines were laid in each of the 4 habitat types. All transects were within 100 m of shore, at a depth of 1.5 to 2 m (mean low tide). Settlement, resident densities, growth rates, and predation rates were assessed in reef, cobble, grass, and sand habitats at each site, using a 3-factor (3 sites X 4 habitats x 2 yr) experimental design. The substrate rugosity (a measure of habitat complexity; see Chandler et al. 1985) of each transect site was estimated by fitting a fine-link brass chain to the bottom contours along the transect line. The total distance covered by the chain was then divided by 10 m (the horizontal distance covered by the transect h e ) , producing an index of substrate rugosity. It is important to note that substrate rugosity IS simply a measure of the actual surface area of bottom structure available to an organism and does not account for other possible shelter sites, such as that provided by macroalgae or seagrasses. The association of newly settled fish with macroalgae has been well documented for cunner in the Gulf of Maine, USA (Levin 1991 (Levin , 1994b . However, at the sites in St. Margaret's Bay, intense grazing by the sea urchin Strongylocentrotus drobachiensis reduced algal cover on reefs and cobble bottoms to a short filamentous turf. Within seagrass beds, young-of-year cunner were always observed in association with scattered rocks, debris, and empty scallop shells (Placopecten rnagellanicus). This suggests that at these sites, vegetation is less important in providing shelter than the physical structure of the bottom per se.
Census techniques. Visual censuses of total abundance of cunner were conducted at roughly 10 d intervals from July 1 to November 6, 1991, and from July 7 to November 9, 1992, by snorkeling slowly along the transect lines and counting all individuals within 1 m of either side of the transect line (20 m2 planar surface area). During the settlement season (mid-August to early September), newly settled cunner were collected daily from each transect. Cunner were captured using a 10*h solution of Quinaldine in seawater and were placed in a polyethylene bag containing seawater. A separate bag was used for each transect. When all newly settled cunner had been removed from all 4 transects in a given site-habitat combination, the fish were brought to shore, their length measured to the nearest mm with a 100 mm plastic ruler, and marked with injections of acrylic paint, using a specific pattern of colours and dots to Identify individuals. The marked fish were then returned to the transect from which they were capt.ured. Fish were released individually along the length of the transect, always near a crevice or other form of shelter. Wherever possible, individuals were returned to the exact point of capture. At each point of release, a small lead disk bearing the same pattern of coloured dots as the released fish was affixed to the substrate. This procedure allowed marked individuals to be recognized as prior residents in subsequent censuses, and allowed quantification of growth, mortality and movement at each site. On 3 occasions during the study, censuses were conducted of the area 10 m on either side of the transect line. The presence of marked fish at distances of 2 m or more from the transect line would be considered evidence of emigration.
To determine the handling effects of the capture and marking technique, a group of 150 0+ cunner were captured and held in 500 1 aquaria in a laboratory. After a 1 mo acclimation perlod, the fish were subjected to the same capture and marking technique used in the fleld. One month after the procedure, 144 of 150 fish remained alive, i.e. mortality due to handling was 4 %. We therefore concluded that handling had little effect on the in situ mortality of cunner in this experiment. The extremely low mortality attributed to the marking technique resulted both from the hardiness of this species and from the amount of practice gained over the course of several studies on cunner (Tupper 1994 , Tupper & Boutilier 1995b ; over 2000 cunner were tagged in this manner by the authors in the 2 years preceding this study.
Continuous water temperature records were not available for the specific study sites, but were available from an aquaculture site at the head of St. Margaret's Bay, approximately 2 km from the study sites. Water temperatures on each ti-ansect were recorded irnmedi-ately following a census with a mercury thermometer held at the substrate-water interface. On any day throughout the study, there was less than 1°C difference in temperature between locations and between transect sites at a locat~on. It was therefore assumed that differences in population density or growth among habitats or locations were not attributable to spatial variations in temperature. The general uniformity of temperature across the lower reaches of St. Margaret's Bay is most likely due to regular tidal flushing Predation. It would be impossible to directly measure the rate of predation and proportion of mortality attributable to predation without 24 h surveillance throughout the entire settlement and post-settlement period. Instead, we compared spatial patterns of predator density and predator success to spatial patterns of juvenile survivorship and post-recruitment density, to determine if post-recruitment demography could be explaincd by variation in predation. At each transect site, observations of predation by other fishes on young-of-year cunner were made in situ. Observations were conducted in September of 1991 and 1992. The observer floated motionless above the site while recording the species and number of predators, the number of attempted strikes (lunges at a cunner) and the number of successful strikes (capture and ingestion of a cunner) over a 1 h observation period on each transect (i.e. 12 h of observat~on per habitat per year). An index of predator success was then calculated by dividing the number of successful strikes by the total number of strikes, for each of the 4 habitat types. Mean predator success in each habitat was calculated as the average predator success over the 12 transects (4 transects per habitat at each of 3 sites). It is possible that tagging increased the visibility of O+ cunner leading to artificially increased predation and mortality. However, since all 0+ cunner on the transects were tagged at the t~m e of the predation study, we cannot comment on the relative vulnerability of tagged versus untagged individuals to predation. Data analysis. An exploratory 2-way analysis of vanance (ANOVA) indicated that mean substrate rugosity (measured for each habitat type as the average of the 12 transects) differed significantly among all of the 4 habitat types (F= 2.37, p < 0.05; Tukey's HSD, p < 0.05 for all pairwise comparisons), but not among sites (F = 0.08, p > 0.05). No significant interaction between slte and habitat was detected. We are therefore confident that the 4 habitat types chosen represent real differences In terms of the amount of shelter available to newly settled cunner.
Adult density, settlement, juvenile survivorship, recruitment success (density of O+ cunner remaining in November, approximately 8 wk after the end of the settlement season), and growth rate were compared within and among sites, habitats and years using 3-way ANOVA (Snedecor & Cochran 1981) . Predator densities and capture success rates were compared among sites. habitats and years using the same analytical procedure. In order to determine where significant differences between years, or among s~t e s or habitats occurred, post-hoc analyses were conducted using Tukey's HSD (Snedecor & Cochran 1981) . All numeric data were tested for homogeneity of variance uslng Bartlett's test, and log(x+ l ) transformed where necessary to ensure homoscedasticity (Snedecor & Cochran 1981) . Substrate rugosity, survivorship and capture success data were expressed as proportions and were therefore arcsine-square-root transformed prior to analysis. However, transformat~on failed to normalize substrate rugosity data. The influence of substrate rugosity on demographic variables was therefore analyzed using Spearman's rank correlation.
RESULTS

Adult distribution and abundance
Population denslty of adult cunner varied significantly among habitats (ANOVA, F = 613.5, p < 0.001; reef and cobble. Adult (age l + and older) cunner were most abundant on reefs, followed by cobble and then grass habitats, and were absent from sand bottom in all censuses. In both 1991 and 1992, adult density was significantly correlated with substrate rugosity (Spearman's rank correlation, rs = 0.81, p c 0.001 and rs = 0.88, p < 0.001, respectively; Fig. 1 ).
Settlement
Mean cumulative settlement of cunner over the settlement season in 1991 and 1992 is shown in Table 1 . No significant effect of year (F= 0.58, p = 0.45), site (F= 0.97, p = 0.38), or habjtat (F = 0.48, p = 0.70) on settlement strength were detected by ANOVA. This suggests th.at cunner did not actively select microhabitats at settlement, but settled In a rather uniform distribution throughout the nearshore waters of St. Margaret's Bay.
Juvenile survivorship and recruitment success
Post-settlement survival (over a period of 3 mo) of O+ cunner ranged from 0 % on sand bottoms to approximately 4.5% in reef habitats (Table 1 ). The decline in O+ cunner population density was attributed to postsettlement mortality rather than emigration, since unmarked 0+ cunner were never observed on the transects, suggesting that movement of O+ cunner is limited. Moreover, on 3 occasions, censuses were conducted of the area 10 m either side of each transect line (200 m2 total area). These censuses failed to reveal the presence of any marked individuals. However, newly settled cunner disappeared so rapidly from sand ti-ansects that emigration may have played a role in population loss from this habitat.
Survival of newly settled cunner varied widely among habitats (ANOVA, F = 471.0, p c 0.001), but did not differ among sites (F = 0.36, p = 0.14). In pairwise multiple comparisons, only reef and cobble showed no significant difference in survival of O+ cunner (Tukey's HSD, p < 0.05 for all pairwise comparisons except reef versus cobble) In most habitats, survival was significantly higher in 1992 than in 1991 (F = 95.4, p <0.001). Survival of newly settled cunner increased with increasing substrate rugosity ( Fig. 2A) 
001).
In summary, despite a un~form pattern of settlement among habitats and sites, recruitment success varied significantly with rugosity a n d was higher in more complex habitats. The pattern of post-recruitment juvenile distribution among transects was tdentical to the pattern of adult distribution..
Predation on juvenile cunner
Three species of the family Cottidae (Hemitripterus americanus, Myoxocephalus octodecemspinosus and Myoxocephalus aeneus) were observed preying on juvenile cunner during this study. Since these 3 species are confamilials with very similar behaviours, they were pooled together as 'cottid predators'. Total density of cottid predators ( 
Growth
A total of 83 marked recruits were recovered and remeasured in November 1991; 7 3 were recovered in November 1992. The extreme mortality (or rapid emigration) suffered on sand bottom, made it impossible to measure growth in t h~s habitat. At all 3 sites, and in both years, growth rate of newly settled cunner was highest in seagrass beds (ANOVA, F = 101.2, p < 0.001; in seagrass habitats (see Sogard 1992) . The spatial pattern of variation in growth rate was unrelated to patterns of post-recruitment juvenile and adult densities, suggesting that population density had little effect on growth, at least at the levels encountered in this study. However, since population density in a given habitat did not differ among sites, we cannot comment on the effects of population density on growth in a particular habitat. 
DISCUSSION
Relationship of settlement to population size
In this study, juvenile cunner did not demonstrate any preference for habitat type at settlement, and the spatially uniform pattern of settlement was in no way related to the spatlal pattern of post-recruitment juvenile or ad'ult density. In contrast to patterns of settlement, density of juvenile cunner 8 to 12 wk after settlement varied greatly between habitat types. The processes regulating among-habitat distributions of cunner must therefore occur post-settlement, with differential survival rather than differential settlement leading to the observed patterns of density.
The relative importance of settlement and post-settlement processes in determining fish-habitat associations is unknown for most species (Jones 1991) . Sale et al. (1984) clearly demonstrated that several species of coral reef fish settle preferentially to specific microhabitats, and suggested that spatial variation in rnicrohabitat structure may result in spatial variation in settlement and subsequent recruitment. However, habitat type may influence post-settlement processes to either reinforce or alter spatial patterns established at settlement. For example, the damself~sh Pomacentrus amboinensis settles preferentially in deeper lagoonal waters, where its subsequent growth rate and survival is higher than in shallow water (Jones 1986 ). In contrast, the blennoid fish Forsterygion varium settled uniformly among habitat types differing in structural complexity, but exhibited extreme differences in subsequent survival and density, which were much higher in more complex habitats (Connell & Jones 1991 ). This pattern is identical to that exhibited by juvenile cunner in this study. As with F. varium, among-habitat variation in the survival of juvenile cunner dramatically altered patterns of settlement.
Influence of habitat structure and predation on juvenile demography
Recruitment success varied significantly among habitats and was higher in more complex ha.bitats. These results suggest that juvenile cunner in St. Margaret's Bay are limited by the availability of shelter sites, and that suitable nursery habitats for juvenile cunner should provide an abundance of refugia. Recruitment success was positively correlated with adult density; this has been suggested as evidence for facilitation of settlement or post-settlement survival by resident conspecifics (Sweatman 1985 , 1988 , Jones 1987 , Forrester 1990 ). However, since substrate complexity, post-settlement survival, post-recruitment juvenile density and adult density were intercorrelated, it seems more likely that the correlation between juvenile and adult cunner simply reflects the greater suitability of complex substrates as cunner habitat (see also Connell & Jones 1991) . Few large adult cunner (age 3+ or older) were present at the study sites. This may reflect a decrease in dependence of large cunner on the shelter offered by nearshore complex habitats (Pottle & Green 1979) , presumably due to a decrease in thelr vulnerability to predation Thus, while the presence of older, larger cunner may not point to a suitable habltat for cunner recruits (Levin 1993) , the presence of age l + and 2+ fish may be a more reliable indicator.
The existence of a positive relationship between the density of juvenile fish and habitat complexity has been considered evidence for space-limitation, i.e. intraspecific competition for limited shelter sites (e.g. Shulman 1984) . In this study, predation efficiency of cottid predators decreased with increasing habitat complexity. Tupper & Boutilier ( 1 9 9 5~) also found that predation efficiency of cottids feeding on young-ofyear Atlantic cod Cadus morhua was inversely related to habitat complexity, and similar results were observed for predation on amphipods by yellow perch Perca flavescens and ruffe Gymnocephalus cernuus (Mattila 1992) . Gotcietas & Brown (1993) found that young-of-year cod G. n~orhua kept in aquaria, selected more complex substrates in the presence of a predator. Thus, the relationship between habitat complexity and population density need not be explained by conlpetltion for living space, but can ~n s t e a d be attributed to differential predation among habitat types. It should be noted that although predation efficiency decreased In more complex habitats, a very high predator dens~ty in more complex habitats might still lead to predation mortality being higher in those habitats. In St. Margaret's Bay, predator density was highest on reef and cobble substrates, but the density was not sufficiently high to overcome the low capture rates. As a result, the total mortality attributed to predation remained inversely related to habitat complexity. Mattila (1992) suggests that predation efficiency is not automatically reduced by a high level of habitat complexity per se; the prey must be able to utilize that complexity as an effective shelter. In the present study, seagrass beds could conceivably provide the greatest complexity of the 4 habitats, if the vertical area of each blade of grass were measured. However, young-ofyear cunner did not utilize seagrass blades as shelterthey preferred rocks, empty scallop shells, and other debris found within the seagrass beds. Considering the rapid post-settlement growth rates of young-of-year cunner, it seems likely that they essentially outgrow seagrass blades as a suitable refuge soon after settlement.
Connell & Jones (1991) hypothesized that the lack of variation among habitats in settlement of Forsteryglon variuin may be due to settlement-sized fish finding shelter in a wide range of habitats, while variation among habitats in post-settlement mortality may arise from newly settled f~s h outgrowing suitable shelter In low-complexity habitats. Our flndings for cunner support this hypothesis. If cunner, a t their smallest sizes (10 to 15 mm), can utilize all habitats more or less equally, variation In settlement to different habitats would not be expected. Patterns of distribution of postrecruitment juvenile cunner would then be determined by habitat-specific predation pressure. This forms the basis for the 'predation hypothesis' (Hixon 1991) which states that post-settlement mortality due to piscivory determines patterns of adult abundance. Lough et al. (1989) offered a similar hypothesis to explain the d.emography of young-of-year cod Gadus morhua and haddock Melanogrammus aeglefinus on Georges Bank, Atlantic Ocean. They observed that pelagic juvenile gadids were widespread over the bank in June, but that in July, demersal juveniles were found mainly on pebble-gravel beds and were 'poorly represented' on other, less complex sedimentary substrates. They also suggested that, in addition to providing more shelter sites than the other substrates, the pebble-gravel deposits most closely matched the mottled coloring of demersal juvenile cod, making the small fish very difficult to see, and therefore reducing their predation risk. From these results, they concluded that the availability of a complex habitat wlth reduced predation pressure may be critical to the recruitment success of cod and haddock on Georges Bank.
Growth
Cunner do not remain active over winter; once the water temperature reaches about 5"C, they become torpid and rest within refuge sites until the following spring (Dew 1976) . Cunner are sexually mature at about 54 to 60 mm standard length, a slze they usually reach as l-yr-olds (Dew 1976) , although Johansen (1925) reported that cunner in Nova Scotia do not reach sexually maturity until age 2, d u e to the shorter growing season. However, the shallow nearshore waters of St. Margaret's Bay are notably warmer than Scotian Shelf waters, and age l + fish were often observed spawning at the study sites. Since cunner do not feed or grow over the winter months (Auster 1989) , they must approach this size by the start of their first winter in order to join the adult population the following summer. Moreover, many temperate marine fishes rely on stored lipids to survive the winter, and survival is higher in larger individuals (Henderson et al. 1988 ). Thus, growth rate is crucial to the replenishment of adult cunner populations Growth rates of young-of-year cunner in this study were in agreement with published values (Bigelow & Schroeder 1953); mean growth rate of all recaptured cunner was approxin~ately 0.5 mm d- ' Connell & Jones (1991) have suggested that habitat complexity may influence growth and survival of juvenile fish through increased prey density and prey diversity. Growth rate of young-of-year cunner differed between habitats. but was not related to substrate rugosity per se. However, as discussed in the previous section, the shelter provided by Zostera marina blades was not accounted for by our measure of substrate rugosity. For small prey items, seagrass beds undoubtedly offer the greatest habitat complexity. Thus, if habitat complexity is measured relative to prey size rather than predator size, then prey densities and predator growth rates should increase with habitat complexity. For example, Sogard (1992) found that the presence of Zostera marina increased amphipod densities by 64 % and copepod densities by 49%. She reported that growth rates of the tautog Tautoga onitis, another temperate labrid, were higher in vegetated habitats supporting higher prey densities. Tupper & Boutilier (199513) found that growth of young-of-year cod Gadusmorhua in St. Margaret's Bay was higher in seagrass beds than on rocky reef, cobble or sand bottoms. They also attributed the higher growth rates to greater prey density in the seagrass habitat.
Several researchers have suggested the possibility of trade-offs in habitat utilization by fishes (Gilliam & Fraser 1987 , Werner & Hall 1988 , Gotceitas 1990 , Connell & Jones 1991 , Sogard 1992 , Walters & Juanes 1993 . Present ecological theory suggests that iish shou1.d select for the habitat that maximizes energy gain (growth), while minimizing the risk of mortality (Gilliam & Fraser 1987 , Gotceitas 1990 . In this study, young-of-year cunner experienced elevated growth rates in seagrass habitats, but experienced significantly reduced predation risk and mortality on reefs and cobble bottoms. It remains unclear which strategy is more advantageous for young-of-year cunner. Cunner remain torpid without feeding over the winter months and rely on stored lipids to survive the winter (Dew 1976) . Survival of this and other species in northern climates is generally correlated with body size, as larger individuals have larger lipid stores on which to draw (Henderson et al. 1988) . Tupper & Boutilier (1995b) demonstrated a similar trade-off in the habitat selection of young-of-year cod (Gadus morhua). They suggested that in terms of replenishing the adult population, reef and cobble habitats might be viewed as supplying larger numbers of small individuals, each with a higher risk of mortality, while seagrass habitat might viewed as supplying fewer numbers of large individuals, each with a higher chance of survival.
